A technical study on the transfer of the ORNL 63-inch cyclotron to Georgia Tech by Brewer, Harold Reid
L 
ENGINEERING EXPERIMENT STATION 
of the Georgia Institute of Technology 
Atlanta, Georgia 
REPORT NO 1 
PROJECT No. E-108-4 
A TECHNICAL STUDY ON THE'TRANSFER 
OF THE ORNL 63-INCH CYCLOTRON 
TO GEORGIA TECH 
By 
H. R. BREWER 
REV E W 
PATENT / 47 - 3/  19 	 BY 
FORMAT 	 19. 	BY 	 




ENGINEERING EXPERIMENT STATION 
of the Georgia Institute of Technology 
Atlanta, Georgia 
REPORT NO 1 
PROJECT No. E-108-4 
A TECHNICAL STUDY ON THE TRANSFER 
OF THE ORNL 63-INCH CYCLOTRON 
TO GEORGIA TECH 
By 
H. R. BREWER 
SEPTEMBER 30, 1957 
Report No. 1, Project No. E-108-4 
TABLE OF CONTENTS 
Page 
I. INTRODUCTION. 0 . . .....•.. 	. 	•0 	. 	....•. 	1 
II. TWO POSSIBLE MODIFICATIONS OF THE ORNL 63-INCH CYCLOTRON. .0... 	2 
Parameters of the 63-Inch Cyclotron . . . 	00000000 	 000 	 2 
Model I . . . 	...............•.... 	00 	 oo 	 3 
Model II. 0 . 0 ............. 	..... 	.. 	0 . . . . 	4 
III. RESEARCH POTENTIAL OF A MODIFIED NITROGEN ACCELERATOR. . . . 	. . . 	5 
General Discussion. . ................... 	0. 	5 
Study of Nuclear Reactions. . ...........•....... 	6 
IV. 
Coulomb Excitation. 	. 	000000000•0000000000000 
Atomic 	Physics. 	. 	.. 	00 	 00000000000000 	 00000 
Radiochemistry. 	. 	00 	 •0000 90 	 0 	 0000 	 0000 . 	 0 
Mi scellaneous 	. 	. 	. 	. 	. 	......... 	00 	 0490a0••0 
CONVERSION OF 63-INCH COMPONENTS. 	. 	. 	. 	. 	. 	• 	800000 	 009 	 . 
. 	 00000910 	 00 ■ 0060 	 • Magnet. 	. 	. 	. 	0000o0 a 
Oscillator and Transmission Lines 	. 	. 	. 	. 	. 	. 	. 	. 	0600 0 	 0 a 	 • 	 . 
Dee System 	. 	000000000 000 
	
. 	 . 	 000090000000 
Vacuum Tank . 	. . ........ 	............... 	. 	. 
. 	. 	. Diffusion Pumps and Manifold 	. . . . . 	a-- 	. • 
0 	 0 Fore 	Vacuum System. 	. 	. 	. 	. . 0000 	 00-0000000 	 0 
Ion Source, 	Probe and Vacuum Lock 	. 	. 	. 	• 	. 	..0 	0•••... . . 
Control Instrumentation 	. 	. 	00000000o 	 0000000 
Magnet Power Supply 	. 	. 	. 	. 	. 	 004 	 0000 	 01. 	 000000 
















Report No. 1 Project No. E-108-4 




Dee 	Bias 	Supply. 	0 	0 	. 	. ... 	, 	.0 	. 	o 	o ooa 0 • • 
Oscillator Power Supply, 	. 	e 	0 	 0 	 0 	 0 	 0 	 0 0 	 . 0 	 0 	 0 	 . 	 0 	 0 	 0 	 0 	 0 
Ion Source Power Supply. 	. 	. 	00000000o 	 0 	 o 	 0 0 
	
0 	 0 
Beam Deflector Power Supply. 	. 	. 	. 	.. 	. 00 	 0 	 0000000 	 . 	00 
0 	 • MAGNET DESIGN. 	. 	. 	. 	. 	. 	0000000 	 0000000 D 	000 
Introduction . 	. . . 	..... 	. 	. 	... 	.. 	..... 	. 
Magnet A (Air Return Beta Magnet). 	, 	. , 	0. . 	........ 	. 
Magnet B (Iron Return Beta Magnet) 	0 	0 	. ..... 	. . 	. 	. 	0 	0 
Magnet C 	(Model I, New Magnet) 	. 	. 	. 	. . 	. 00 	 00 0 	 OD 
Magnet D (Model II, 	New Magnet). 	. 	. 	. 	. 	. 	0000 	 0000 	 0. 
REQUIREMENTS OF THE CYCLOTRON INSTALLATION . 	. 	. 	00000000 
Introduction 	. 	0 	0 	. . 	.... 	... 	00 	 0 0 000 0 0 
Cyclotron Building 	0 	. 	000000000 	 o 000000000 
Auxiliary Equipment. 	0 	. 	. . 	0 	. . 	... 	...... 	. 0 	. 
Detailed Costs 	. 	. .0 	. ..... 	... 	.. 	0 	... 	. 
00 	 000000 	 . 000 	 00 	 0000000 Operating Staff. 	.. 
APPENDIX 	. 	. 	. 	...... 	. 	.. 	........ 	... 	. 
Assumed Parameters of a New Magnet for the Model I Cyclotron 0 . 
Constants. 	0 	. 	a• 	a 	a 	as° 	o 	o 	o 	0 	 o 	 a 	 a 	 o 	 0 	 o 	 0 	 o 	 00000 






















Report No. 1, Project No. E-108-4 
I. INTRCDTJTION 
In 1951 the Oak Ridge National Laboratory was authorized by the Atomic 
Energy Commission to construct a heavy-particle cyclotron. An accelerator, 
designated the OREL 63-Inch . avy-Particle Cyclotron, was then designed and built 
by the Electronuclear Research. Division of the Laboratory. Te first beam was 
obtained on May 20, 1952 and a productive research program was initiated shortly 
afterwards (1) . The present as well as past usefulness of this cyclotron is indi-
cated by the increasing amount of nuclear data derived from its operation. 
The Electronuclear Division of OREL has now been authorized to construct a 
new heavy-particle cyclotron to be completed in the fall of 1958 or soon there-
after. Since they plan to center their research activities on the new cyclotron, 
they are receptive to proposals for relocating the 63-inch cyclotron an some uni-
versity campus. On the basis of this information, a Station-sponsored project 
(E-108-4) was initiated to determine the feasibility of locating the cyclotron at 
Georgia Tech. To further this study, the Oak Ridge :::nstitute of Nuclear Studies 
granted H. R. Brewer of the Engineering Experiment Station a three-month stay in 
the Electronuclear Division of OREL under the Research. Participation 'rogram. 
On the suggestion of Dr. Livingston, read of the Electronuclear Division, the 
three months was divided equally between the cyclotron operaticm and design group, 
and the physicists and chemist charged with conducting researOt. on the cyclotron. 
This report presents technical. aspects of the cyclotron transfer (costs, transfer-
able components, necessary new components, future research fields, etc.) gleaned 
from the discussions with these experienced ORNL personnel. 
(1 ) A member of the 	c;ia Tech Shool of Frysi(7.s was co-author of the first 
paper published on research performed with this cyclotron. 
Wyly, L. D., and Zucker, A., "Activities in Light Nuclei from Nitrogen Ion 
Bombardments," Phy, Rev. 89, 524 (January 15, 1953). 
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II. TWO POSSIBLE MODIFMATIONS OF TRIE OENL 65-1n: r2=CTRON 
Parameters of the 63-Inch Cyclotron 
The basic design of the 63-inch is that of a conventional, fixed-frequency 
cyclotron. A description of the machine, complete with pictures of the dee 
system and ion source, is contained in the literature
12
"n t±.c present opera-
tion triply charged nitrogen ions are produced by the ion source and are accel-
erated in a magnetic field of 15,500 gauss. The ions are then electrostatically 
deflected at the radius of 25.6 inches yielding an external beam of nitrogen ions 
with a mean energy of around 28 Mev. The R7 accelerating system operates at a 
frequency of 5.1 Mc/sec and employs dee-to-earth voltages lying between 35 and 
50 kv. 
As discussed in Section IV the dee system of the OFNI 63-Inch cyclotron is 
transferable although the magnet is not. For this reason, in the modifications 
discussed below, two different magnetic fields are assumed while the deflecting 
radius or maximum ion orbit is held constant. The dee stems are a part of the 
resonant cavity of the cyclotron and, although a "spider" or shorting bar can be 
moved to increase the frequency, large frequency changes woLd entail expensive 
modifications. The effect of changing various cyclotron parameters is given by 
the fundamental equations for the cyclotron resonant frequency f and for the 
maximum particle energy E. These are 
B e 	
E2 e2 2 
f 	and E 
2T(M Pm 
Here, B and R. are the flux density and maximum orbit radius of the cyclotron 
while e and M are the charge and mass of the accelerated particle. 
(2)Livingston, R. S., Nature 173, 54 (1954. 
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Model I  
One promising modification of the ORYL 63-Inch would involve a change in the 
charge of the accelerated particle. A study of the heavy-ion spectrum of the 
present ion source indicates an appreciable output of quadruply charged nitrogen 
ions. Thus, with the present magnetic field, the cyclotron equations above pre-
dict that a frequency of 6.8 Mc/sec will be required to accelerate quadruply 
charged nitrogen ions up to a maximum energy of 50 Mev. The Coulomb barrier of 
the target nucleus prevents an appreciable number of 28 Mev nitrogen ions from 
entering nuclei which fall above sulphur in the periodic table. With the projec- 
. 
tile energy extended to 50: Mev, the nitrogen ions could enter the nucleus of. any 
element below ruthenium. 	would provide an appreciable extension of the 
research capabilities of the 63-Inch. cyclotron. One disadvantage of the 50 Mev 
modification would be the production of a large neutron flux which in turn would 
require shielding, However, Dr. A. Zucker of CRNL has recently suggested that 
coating the inside of the dee system with silver or tantalum would greatly reduce 
the neutron background. 
To provide the 15,500 gauss field assumed for Model. 7, three alternative 
magnet systems are discussed in the magnet design section- Two cf these magnet 
systems (the air return Beta magnet and the iron return Beta magnet) utilize 
surplus Beta coils left over from the wartime mass spectrograx,hs. The third mag-
net system (Magnet 0) is a new construction based en the ,c)RYI 48-Thch magnet de-
sign. It is recommended that the Magnet system be adopted since the savings 
in the use of the other two magnet systems may not only be small but may be non-
existant. 
Report Xo. I Project Nc. E-108-4 
Model II  
The energy of the 63-inch cyclotron could also be increased by raising the 
magnetic field from 15,500 gauss to 18,000 gauss. Triply charged nitrogen ions 
could then be accelerated to an energy of 38 Mev with an RF frequency cf 5.9 
Mc/sec. This modification would have a higher beam intensity than Model I since 
the ion source emits in the order of ten charge-three ions for each charge-four 
ion. Although the 38 Mev nitrogen ion is just past the threshold for penetration 
of the Coulomb barrier of copper, the neutron flux produced by this beam should 
be much smaller than the flux generated by the 50 Mev beam of Mrdel I. For this 
reason shielding is not expected to be an Importact factor in Model II. 
Again it is recommended that a new magnet system be constructed without using 
the Beta coils. As the magnetic field is increased it becomes progressively more 
difficult to smooth out magnetic inhomogeneities by shlmming. Thus it is felt 
that the asymmetrical Beta coils would introduce serious shimming problems in the 
production of an 18,000 gauss field. Magnet D in Section V is an example of the 
type of magnet needed to produce the prescribed field, The Model 	cyclotron 
would be slightly more expensive than Model. 7. The major difference (neglecting 
shielding) would lie in the cost of the two magnet systems and would be around 
$34,000. It is felt that the larger magnet of Model II increases the opportuni-
ties for future research programs. 
-4-- 
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III. RESEARCH POTENTIAL OF THE NT1ECOEN =IRON 
General Discussion  
The use of the nitrogen ion as a nuclear projectile offers unique advan-
tages when compared with lighter particles. As an example, many nuclear energy 
levels may be excited by a nitrogen accelerator which are not accessible to a 
proton, deuteron, helium three, or an alpha 7article machine. In addition the 
relatively small number of heavy ion accelerators in existence make research 
in this field particularly attractive. The 0=, 65-inch nitrogen cyclotron was 
the forerunner of several heavy ion accelerators now under construction. rjow-
ever, it is important to note that these newer machines would_ complement a 
remodeled 63-Inch machine rather than compete with it since they will operate in 
a different energy range. There is a lower energy, nitrogen cyclotron (15.6 Mev) 
presently in operation at the Leningrad Physico-Technical Institute of Sciences, 
and there are several other accelerators designed tc operate above 80 Mev, in-
cluding the new ORNL 48-Inch cyclotron. The 63-Inch is tile only nitrogen accel-
erator designed to utilize energy ranges arand 30 Mev. 
The modifications of the 63-Inch discussed in Section 17 would effect a major 
increase in the research potential of the cyclotron. Approximate calculations 
indicate that nitrogen ions with energies of 28, 58, and 50 Mev should be able 
to penetrate the Coulomb barriers of all elements up through sulphur, copper and 
ruthenium respectively. An examination of a chart of ti -_e nuclides shows that 33, 
72, and 133 stable isotopes have atomic numbers equal to or less than these three 
respective elements. Therefore, compared with the present cyclotron, Model II 
has roughly twice as many possible nuclear targets while Model has 5,TOX.I-
mately four times as many. Both modifications require a new magnet and removal 
-5 - 
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of the present asymmetry of the magnetic field shzuld reduce the attenuation 
in the accelerating orbits by at least a factor of ten. Model II should then 
have a beam intensity ten times that of the 63-Inch. Ir. addition it is felt 
that a new magnet, in conjunction with an external focusing magnet, will sharpen 
the energy definition to perhaps ± 50 kev instead of the present ± 300 keno If 
this is realized then transitions to individual nuclear energy levels may be 
resolved. This possibility of observing individual nuclear energy levels would 
generate a number of interesting researc!7. studies. 
The following paragraphs give examples of specific research programs capable 
of being investigated by the Model. I and II cyclotrons. 
Study of Nuclear Reactions  
The formation of, compound nuclei by nitrogen bombardment is characterized 
by (1) a large angular momentum transfer, (2) an even distribution of projectile 
energy among the target nucleons, and (3) a resultant compound nucleus with large 
excitation energy. These three conditions, however, are just thc,se required to 
apply the statistical model of the nucleus. Therefore, a nitrogen accelerator 
is singularly well adapted for evaluation of statistical nucTlear theories 
ture research in this field would be expected to be more or less an extension of 
studies now underway at ORNL using the 63-inch cyclotron. Elements below copper 
(Model II) and below ruthenium (Model. I) would be bomharded with nitrogen ions. 
Measurements of the number and energy distribution of particles evaporated from 
the resulting compound nucleus would then give information on cross sections for 
formation of compound nuclei, densities of nuclear energy 	eto. 
An estimation of the importance of nuclear surface phenomena coal.d be ob-
tained for elements below copper (Model 1 and below ruthenim (Mbde2. I:). The 
-6- 
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distributions of energy and angular momentum. would be measured for protons,. 
deuterons, tritons, and alphas arising from nitrogen bombardment of these ele-
ments. Interesting comparisons could then be made with the theory of nuclear 
reactions for a variety of nuclides. 
Previous experiments at ORNL using the 63-Inch .,,yclotron, have uncovered 
nucleon transfer reactions whereby a nitrogen ion and a target nucleus, may ex-
change protons and neutrons in a grazing collision. Satisfactory theoretical. 
explanations of this process have not yet been advanced, and more experimental 
data would be extremely valuable. Either model cyclotron. could be used to bom-
bard light elements and observe the angular distribution of heavy particles 
resulting from this type of reaction. :_:ere it is important to look at the an-
gular distribution of the individual states of the resulting nuclei so that the 
expected increase in energy resolution of the modified cyclotron 	be needed. 
In the past, a large amount of our information regarding nuclear forces has 
come from scattering experiments. It is anticipated that nitrogen scattering 
experiments will also be informative. For an example, the higher energy nitro-
gen ion of Model I could be used to investigate the applicability of scattering 
calculations based upon the optical. model of the nucleus. 
Coulomb Excitation  
Bombardment by charged particles may cause nuclear excitationeven though 
the particles do not actually penetrate the nuclear barrier 111 type of ex-
citation, produced by the interaction of the electromagnetic fields of the 
particle and nucleus, is called oulomb excitation. 
in spite of the known superiority of heavy ions in this process, no work 
has been done using nitrogen ions, except for a few lissian experfments with 
-7- 
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their 15.6 Mev nitrogen accelerator. For E2 transitions in ,'culomb excitation, 
nitrogen ions have signal to noise ratios (for background due to bremstrahlung 
and K-shell excitation) similar to those of alphas. Both ratios are far larger 
than the corresponding ratios for protons. Choosing an optimum energy for each 
particle so that these signal to noise ratios are maximized, the cross section 
for E2 excitation using nitrogen ions is approximately 22 times the cross sec-
tion for alphas and 123 times the cross section for protons. 
Coulomb excitation has proven to be a most valuatle aid (3) io investiga-
ting the rotational energy levels of collective nuclear motions. Alphas and 
protons have been the principal projectiles used. 1 74wever, due to their heavier 
mass, nitrogen ions could be used to observe rotational energy levels via Cou-
lomb excitation which would not be detected with either, ailhas or protons. Thus 
in spite of the amount of previous work It is felt that either Wdel I or 11 
could make significant contributions in studies of rotational states. 
The cross section for exciting higher order nuclear rotational states is 
an increasing function of projectile mass. Thus there is a possibility of using 
nitrogen ions to investigate second order processes such as a reorientation of 
nuclear spin during the excitation and double E2 )(:citations of : 	4 states. 
These two effects would be difficult or perhaps impcsible to otserve if lighter 
particles were used. 
In collective motions of nuclei, the rotational levels corresponding to 
preservation of the nuclear shape have been the subject cf many studies. cw-
ever, the collective motion of the nucleons should also give r ise to higher 
energy levels corresponding to changes of the nuclear shape -. These vibrational 
(3) Alder, Bohr, Euus, Mottelson, and Winter, Rev's. Wdern 	 (1956). 
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energy levels have been roughly estimated for even-even nuclei, as one Mev for 
quadrupole vibrations-and several Mev for octupole vibrations (3) . Any estima-
tion of the cross section for excitation of these vibration levels will depend 
on the unknown nuclear transition probabilities. -2owever crude calculations 
indicate that the nitrogen ions of Model I are above the energy threshold for 
an observable yield of quadrupole excitations but are below the corresponding 
octupole threshold. The ion energy of Model II is too low to excite these vi- 
.oration levels. Since future experimental_ studies of nuclear vibrational levels 
will provide crucial information on nuclear structure, research in this field 
should be considered in any modification of the ORNL .cyclotron. 
Atomic Physics 
Models I and II would have research, application in the field of atomic phys-
ics, Research has been performed at ORNL on the response of scintillation 
counters to nitrogen ions as a function of ion energy. 	study could be ex- 
tended to other ions by the "knock-on" process. in addition papers have been 
published by the staff of the 63-inch cyclotron on the range-energy relations of 
nitrogen in nickel and the equilibrium charge distribution as a function of en-
ergy for nitrogen ions in Formivar. Similar investigations could be conducted 
using different elements and materials. 
Internal conversion coefficients may also be measured by Coulomb excitation 
of the nucleus using nitrogen ions. A few conversion coefficients have been 
measured in this manner with sufficient accuracy to show finite nuclear size-ef- 
'4) fects. Alpha particles were used in the previous case' but nitrogen ions 
would have the same signal to noise ratio and at the same time increase the yield 
of converted electrons. 
McGowan, F. K., and Stelson, 	 Rev. 103, 1133 (1956), (10 
-9- 
Report No. 1, Project :lc. E-108-4 
Radiochemistry 
The use of a cyclotron in radioisotope production would make possible the 
preparation of carrier-free radioisotopes, including many isotopes which cannot 
be obtained from a reactor. In particular, the Model cyclotron would make pos-
sible the production of radioisotopes from all the elements up to ruthenium which 
would, in effect, provide the radiochemist with prototypes of all tl -e elements of 
the Periodic Table. This means that tracer studies of such rhenomena as the 
complex-forming properties, crystal isomorphism, redox potentials, sorption be-
havior, solubilities, hydrolytic behavior, et al-, could be carried cut with 
representative members of all the families and groups of elements. 
The production of radioisotopes for use in nuclear decay scheme studies is 
an important research area which deserves special. mention. ere the chemist has 
a two-fold interest, being obliged to evolve intricate and often unique separa-
tions processes to insure radioisotope purity, and at the same time to perform 
the decay scheme studies themselves. Many of the radioisotopes of interest in 
decay scheme studies can most conveniently be made with an accelerator of the 
type under discussion. 
Finally, use of highly charged, high-energy particles makes possible an ex-
tension of the field of radiation chemistry. ::;reation cf high density ion tracks 
by such charged, heavy particles should permit the chemist to sort cut the con-
tributions caused by the high ion and radical densities. from the gross effects 
observed with less highly ionizing radiations. 
Miscellaneous 
There would no doubt be many more research fields open to a !Jeorgia Tech 
nitrogen ion cyclotron than have been discussed above. To mention a few, either 
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modification of the 63-Inch cyclotron could be used to study radiation damage to 
materials by heavy ions and fast neutrons. Biophysical research could be con-
ducted on tissue damage caused by heavy ion irradiation. The local production of 
radioactive isotopes would also be useful for research outside the field of radio-
chemistry. As an example, members of the physics department are currently con-
ducting investigations of nuclear energy levels using radioactive isotopes which 
have a sufficiently long life to survive shipment. At present the 63-Inch has 
so low an energy that relatively few, low Z. isotopes are prcaaced, b,.t if the 
energy of the machine were increased as in Model .1, the project :es would be able 
to penetrate the nuclear barriers of elements up to ruthenium. The shrt lived 
radioisotopes so produced would be useful in extending the existing nuclear level 
studies. 
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TV. CONVERSION OF 63-INCH COMPONENTS 
Magnet  
At present the cyclotron's lees are inserted in one of the vacuum banks of 
a huge Beta Calutron "race track" magnet and there is no possibility of transfer-
ring the existing magnet. The magnetic field has a flux density at the center of 
15,500 gauss and has a linear two percent fall-off in the radial direction to pro-
vide magnetic focusing. The criginal Calutron magnetic field was not radially 
symmetric so that extensive shimming operations were required to produce the pres-
ent modification. A sharp attenuation (around 99 percent) ccurs in the beam at 
approximately two-thirds of the deflecting orbit radius. This attenuation is at-
tributed to a distortion of the magnetic median plane and it is thought that a 
properly designed magnet would increase the beam intensity by at Least a factor 
of ten. The difficulty involved in changing the symmetry of a magnetic field by 
shimming is one of the reasons for not using the asymetrical Beta coils to drive 
the magnet of the Georgia Tech oyclotron. Four possible magnet systems are dis-
cussed in Section V. 
Oscillator and Transmission Lines 
The RF accelerating voltage feeding the system is supplied by a one tube 
grounded grid oscillator using a 100 Kilowatt power triode (RCA 5770), The 
oscillator and transmission lines are enclosed in separate metal cabinets mounted 
on wheeled dollies. The present cyclotron frequency is abut 5.1 Mc.. 	oscil- 
lator and transmission lines are transferable and retuning these componentsto 
match the new resonant frequencies of Models T. and Il is not exlqpted tc be a 
major change. 
-12- 
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Dee System 
The dee system comprising the dees, dee stems, dee stem housing, face plate, 
and liner could be transferred intact. The plane of the dees is vertical in the 
63-Inch cyclotron and for structural reasons any accelerator utilizing this dee 
system would have to be a vertical cyclotron. Models I and II for a modified 63- 
Inch cyclotron would require retuning the dee system to EF frequencies but' 6.8 
and 509 Mc/sec l respectively. No serious difficulties are expected with either 
of these frequency changes. 
Vacuum Tank  
The vacuum tank enclosing the dees is fitted to the "D" shaped Calutron mag-
net and would not be suitable for a conversion employing circular magnet pole 
tips. 
Diffusion Pumps and Manifold  
The manifold tank provides a transition from the dee system vacuum tank into 
two 20-inch oil diffusion pumps which are mounted in parallel and backed by two 
8-inch oil diffusion pumps. The entire system is movable and the crating, ship-
ping and installation expenses should be much less than the cost of new equipment. 
The average life of the surplus oil diffusion pumps was purported to be extremely 
long and the maintenance costs were represented. as negligible. The ion source 
enters the dee system via a vacuum lock installed in the manifold tank and the 
cyclotron beam leaves through an additional vacuum lock on the same tank. For 
these reasons it is recommended that design parameters of any new vacuum tank 
should be adapted to the present manifold tank. 
Fore Vacuum System 
The differential between atmospheric pressure and the much lower exhaust 
pressure of the oil diffusion pumps is maintained by the fore vacuum system. 
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This consists of two mechanical Kinney pumps, having fifteen and two horsepower 
respectively. The system is designed so that the two pumps may be used either 
in tandem or separately. The system (or one which is identical) is transferrable 
and a saving of some $10,000 (5) could be expected using the existing equipment. 
Ion Source, Probe, and Vacuum Lock  
If the present manifold system is transferred then the ion source, probe and 
vacuum lock could be used without modification. A hot cathode ion source is in 
use now. Although the mean life of the source is only about 7.5 hours, the time 
required for a source change with the present system is only about 30 minutes. 
Mitch development work has been done at ORNL on hollow anode sources with 
estimated mean lives of 20 hours. So far these sources have been very unstable 
with uninterrupted running times in the order of minutes. Thus while the hollow 
anode source may be potentially a better device, much development work remains, 
and it is recommended that at first the existing source be used. 
Control Instrumentation  
The control instrumentation section includes an array of protective inter-
locking relays as well as the actual meters and controls on the console itself. 
These components are transferrable; however, extensive wiring modification will 
be required due to the introduction of different equipment such as power supplies, 
magnet, electric utilities, water cooling system, etc. As a minor consideration 
the present control panel has the appearance of being a veteran of many alter-
ations and is not exactly a show piece. Installation of the old equipment at 
Georgia Tech was estimated by the design group to lie between $10,000 and $15,000. 
(5) 0ak. Ridge National Laboratory, "Proposal for a l-8-Inch . .-eavy-Particle -,Jyclo-
tron." February 1955. 
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Magnet Power Supply  
At present a 1750 kilowatt motor generator supplies dc current to drive the 
Calutron magnet for the 63-Inch cyclotron. It is much larger than is required 
and due to its usefulness for other ORNL projects would not be released. 
The power and current required to produce a given magnetic field depends 
strongly upon the design parameters of the magnet. For this reason the motor 
generator, iron magnet yoke, and coils are considered as a unit in the magnet 
design section and the magnet dimensions are chosen so as to minimize the initial 
cost of the system. 
Further discussion of the requirements and cost of the magnet power supply 
are contained in the section on magnet calculations. 
Arc Voltage Pier Supply 
The hot cathode ion source now in use requires that the electrons emitted 
by the cathode be accelerated by a 400 volt potential. drop on entering the nitro-
gen ionizing chamber. For stable operation of the source, the arc voltage power 
supply must furnish around 3 amps at 400 volts. Since power supplies of this 
type were components of the wartime mass spectrograph installation, they are 
readily available. Whether it is less expensive to build anew rather than to 
renovate old equipment is not known; however, the cost of new equipment is 
expected to be under $1,500. 
Dee Bias Supply  
The cyclotron dees and stems have a negative bias of approximately 1000 
volts to eliminate ion loading difficulties. The current required is only around 
150 milliamps. This supply will not be transferred but it is comparatively in-
expensive and could be purchased for $700. 
-15- 
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Oscillator Power Supply  
The oscillator requires a power supply furnishing 10 kilovolts with a cur-
rent between 6 and 7 amperes. A number of Beta M power supplies, housed in 
rather large cubicles, are connected in parallel to form the present installa-
tion. Although undoubtedly a sufficient quantity of these surplus supplies 
could be obtained to feed the oscillator, the cost of housing and renovating 
this equipment might be several times greater than buying new equipment. The 
existing power installation occupies a much larger floor space area than would 
be required for commercially available equipment. A General Electric represen-
tative gave an unofficial estimate of under $10,000 for a commercial power sup-
ply. 
Ion Source Power Supply  
The ion source requires a current of approximately 350 amps at 6 volts. The 
present power supply is a General Electric Type-K-rectifier and ORNL has many of 
these in surplus storage. The cyclotron design group at ORNL roughly estimated 
the cost of setting up one of the surplus K supplies at Tech at $5,000. This 
figure seems rather large since no major modifications are required. Further-
more the estimated cost of new equipment is $2,000. 
Pending a more careful analysis, this component should be considered trans-
ferrable. 
Beam Deflector Power Supply  
The cyclotron beam is extracted by an electric deflecting field. The RF 
voltage required on the deflecting plate is 50 kilovolts and the current drawn 
is approximately 8 milliamps. The present power supply is a part of the ORNL 
cubicles mentioned under the oscillating power supply section. The Beta G 
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supply could probably be used without modification; however, the cost of strip-
ping this equipment from old cubicles plus renovation and installation costs 
were crudely estimated to be around $10,000 by OBNL cyclotron design group. If 
this figure is realistic then it would perhaps be cheaper to buy or to build 
a new supply. 
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V. MAGNET DES_B 
Introduction  
Since the present cyclotron magnet is not transferrable, a new one would be 
required. A large number of Beta coils are surplus items at 	.Ridge, being 
left over from the wartime mass spectrographs. Dr. I7:vingston, head of ORNL 
Electronuclear Division, suggested the possibility of either a loan cr a gift 
from the AEC of several of these Beta coils and recommended an investigation of 
the possible saving in using these coils. Therefore, two alternative schemes 
utilizing these Beta coils are presented below under the headings Magnets A and 
B. The sections labeled Magnet C and D consider designs and costs for entirely 
new constructions. 
The shape of a Beta coil is basically rectangular, 80 inches by 60 inches, 
with one corner truncated by a 45 degree slice reducing the small. side to 42 
inches. Each coil is oil cooled and consists of 174. turns cf a copper bar having 
a cross-sectional area of 1.026 square inches. 
Magnet A (Air Return Beta Magnet)  
If the AEC wauld release six or eight of these Beta coils then perhaps the 
least expensive method of producing a magnetic field for the 63-Inch cyclotron 
would be an open ended magnet. The Beta coils could be filled with iron to con-
fine the flux in the center gap leaving an air return path. for the flux. The 
total reluctance of the magnetic flux circuit wruld be greatly increased over 
that of an iron return path so that the ampere turns required would be increased. 
Thus the power required to operate the magnet would be larger and the initial 
cost of a motor generator supply would increase. 
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A study of this type of magnet has been made by R. S. Lord and E. D. Hudson 
of the Electronuclear Division of OREL and using the Beta coils, it appears quite 
possible to generate the field required for the 63-Inch cyclotron by this method. 
Magnet A would require in the neighborhood of twice the power of Magnet C; there-
fore the cost of the motor generator of system A should be about twice the cost 
of the motor generator of system C, 1—e., $100,000. If the additional expense 
of filling the Beta coils with iron is then considered, the cost of system A 
should not be far below that of Magnet B ($125,000). 
The use of the Beta coils would also introduce the following expenses. 
Since the other components of the 63-inch are water cooled, a separate oil cool-
ing system would be necessary for the Beta coils. There is always a fire risk 
with oil cooling systems and at least one cyclotron has been lost this way. The 
Beta coils are not circular therefore an extensive shimming operation would be 
necessary to give the magnetic field azimuthal symmetry. 
121c2LIEL(22:21Jrn Beta Magnet)  
A second magnet system based upon acquisition of the Beta coils would be to 
build a magnet yoke having an iron return path but use the old Beta coils to 
drive the new magnet. This system would have a much smaller power requirement 
than A and due to the use of copper coils in place of aluminum it might be 
slightly less than C. 
Relative to the C system, B wculd have additional costs 	to the follow- 
ing. As mentioned in the preceding section, the Beta coils would require an 
oil cooling system. The size and shape of the Beta coils would require more 
iron than C, assuming the yoke design of C is employed. The lack of circular 
symmetry in the Beta driving coils would require a greater effort in shimming 
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the pole faces. For these reasons it is felt that a minimum cost of the B 
system would be the cost of the optimized C system less the cost of the C coils. 
This yields a cost estimate of Magnet B of around $125,000. 
Magnet C (Model I New Magnet)  
The Electronuclear Research Division, at ORNL, is building a 48-Inch heavy 
ion cyclotron using a magnetic field of 20,000 gauss. The yoke configuration 
assumed (Figure I, page 23) for the Model I cyclotron magnet is modeled after 
the ORNL 48-Inch magnet although pole diameter, pole shape, gap width l and field 
strength have been changed. The ratio of the width to the depth of the rectangu-
lar flux return path has been made the same as - the i+8-Inch to preserve the struc-
ural strength of their yoke. The magnet design was undertaken to provide a real-
istic cost estimate and, as such, has escaped the more rigorous treatment of a 
construction model. 
In the Appendix, a set of the required parameters of the magnet is fixed and 
a cost equation is derived for the magnet system comprising the coils, yoke, and 
motor generator set. The cost is shown to be a function of the current density 
in the coils and various constants. Figure 	in the Appendix gives a graph of 
cost versus current density and indicates a minimum cost of $151,000 for the 
system. The current density corresponding to this minimum cost then determines 
the coil size and thus the overall magnet size as well as the power needed to 
supply the magnet. In this way a minimum cost system subject to the fixed con-
straints, is designed. 
The magnet yoke dimensions established by the minimum cost are given in 
parenthesis in Figure I. Other parameters of Magnet C are listed below. 
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Magnet Yoke 
Pole Face Diameter 
Field at Center 
Exciting Current 
Cost of Materials 
69.2 inches 
16,000 gauss 
4.85 x 10 5 amp. turns 
$151,000 
Cost 	 $76,000 
Weight 	 152 tons 
Coils, Aluminum 
Cost 	 $26,000 
Weight 	 5.2 tons 
Motor Generator Set 
Cost 	 $49,000 
Power 	 245 kilowatts 
Magnet D (Model II New Magnet 
A magnet was designed for the Model II modification of the ORM, 65-Inch 
cyclotron similar to the Model I magnet. The fundamental change involved in-
creasing the field to 18,000 gauss and the attendant increase of the pole diam-
eter to 75.2 inches. An examination of a graph of cost versus current density 
similar to Figure III in the Appendix yielded a minimum cost of $185,000 for 
Magnet D and a set of dimensions shown on Figure 17, page 24. The principal 
parameters of the Model II magnet system are given below. 
Pole Face Diameter 
	
75.2 inches 





5.45 x 105 amp. turns 
























Figure I. Vertical Cross Section of Magnet C. (Dimensions Shown in 
Parenthesis were Obtained from Minima of Magnet C Cost 




Figure II. Vertical Cross Section of Magnet D. (Dimensions Shown in 
Parenthesis were Obtained from a Cost Curve for Magnet D 
Similar to the One Shown in Figure III). 
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VI. REQUIREMENTS FOR TEE CYCLOTRON INSTALLATION 
Introduction  
This section presents estimated costs of the entire cyclotron installation 
together with a suggested operating staff. It is thought that the estimated 
cost parameters of the cyclotron components are near minimum requirements. How-
ever, an adequate cyclotron research program could be initiated even if consid-
erable reductions were made in the requirements for the building and auxiliary 
research equipment. Thus these last two estimates should be considered as goals 
to be attained rather than necessary minimum requirements. 
Cyclotron Building  
In addition to the areas suggested below, the cyclotron installation will 
require a chemistry laboratory near the cyclotron itself. Since both the Reactor 
and Radioisotope Laboratories have these facilities, it was thought the cyclo-
tron would be housed in an addition to one of these buildings. The cost of 
shielding is omitted in the building estimate since it will depend on the build-
ing design and on the type of cyclotron recommended. 
Cyclotron room (25' ceiling) 50' x 20' 1000 sq. ft. 
Research working area 25' x 60' 1500 
Service area 20' x 30' 600 
Power supply room 20' x 20' 400 
Counting area 15' x 20' 300 
Control room 15' x 20' 300 
Staff offices (5 each) 150 sq. ft. 750 
Service personnel 15' x 15' 225 
5,075 sq. ft. 
Cost at $30 per sq. ft. 	$150,000 
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Auxiliary. Equipment 
Since the cylcotron by itself is not a complete research tool, a prelimi-
nary list of the more expensive auxiliary equipment has been compiled as shown. 
It is felt that this research equipment is necessary to exploit the research 
potential of the cyclotron as described in Section III, 
Analyzing Magnet $20,000 
Multichannel analyzer 20,000 
Geiger counters, amplifiers rate counters, etc, 
for half life determinations 10,000 
Helium leak detector 3,500 
3 Oscilloscopes 4,500 
Coincidence setup including, miscellaneous scalers, 
linear amplifiers, and detectors 	 17,000 
$75,000 
Detailed Costs  
A detailed description of the individual cyclotron components is given in 
the Component Section and in some cases the basis for estimating costs is also 
given. The Electronuclear Research Division of ORN1, has published a report (5) 
in which they investigated the cost of converting their 44-inch proton cyclotron 
into a 48-inch nitrogen accelerator at a different location. Since their prob-
lem is very similar to moving the 63-inch machine to Georgia Tech, some of their 
cost estimates were applicable. The estimated costs taken from this report are 
indicated below by an asterisk. 
Magnet, System C 	 $151,000 
15 percent Engineering 	 23,000 
*Oscillator and Transmission Lines 	 5,000 
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*Diffusion Pumps and Manifold 7,000 
*Fore Vacuum System 12,900 
*Ion Source, Probe, and Vacuum Lock 2,000 
Control Instrumentation 15,000 
Arc Voltage Supply 1,500 
Dee Bias Supply 700 
Oscillator Supply 10,000 
Ion Source Supply 2,000 
Beam Deflector Supply 5,000 
Total $259,100 
Estimated Cost Rise for 2 years 40,900 
Cost of Cyclotron alone $300,000 
Cyclotron Building 150,000 
Auxiliary Equipment 75,000 
Contingencies 75,000 
Total Estimated Cost of Cyclotron Installation $600,000 
Operating Staff 
The suggested cyclotron operating staff outlined below is based upon the 
existing personnel now used at ORNL. 
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Number of 	 Time Allotted 
Rank 	 Personnel for Project 
Experimental Physicists 	 3 	 1/2 time 
Radiochemist 	 1 	 1/2 time 
Operating Engineer 	 1 	 Full time 
Electronics Technician 	 1 	 1/2 time 
Mechanic 	 1 	 Full time 
Graduate Student or Technician 	 1 	 Full time 
The physicists and the radiochemist would be responsible only for the de-
sign and execution of research programs. Maintenance and operation of the cy-
clotron would be the responsibility of the operating engineer, who would be 
assisted by a technician (graduate student), The mechanic would be employed 
building cyclotron parts and research equipment, while the primary duties of 
the electronic technician would be the upkeep of the research equipment, oscil-





J. E. Boyd, irector 
Engineering Experiment Station 
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VII. APPENDIX 
Assumed Parameters of a New Magnet for the Model I Cyclotron  
The fixed dimensions shown in Figure I were chosen as follows2 
1. Pole diameter = 69.2 = 2 (final ion orbit radius + gap width). 
This value for the pole diameter was taken from a University of California 
Radiation Lab study entitled, "Sid Magnet. Model. Test Results" and should allow 
a two percent fall off for the field from the center to the final ion orbit. 
2. The 9 in. pole gap was chosen to fit the present dimensions of the 63- 
inch dee system plus 3 in. of additional space to allow for future expansion. 
3. The various odd dimensions around the coils were recommended by the 
cyclotron design group at ORNL to give room for securing the coils to the magnet 
yoke. 
4. The area of flux return path is adjusted to be equal to the pole face 
area 
5. The thickness (18 in.) of the horizontal yoke sections was chosen so 
that the ratio of width to depth of these sections would be the same as the 48-
inch magnet. The depth of the yoke sections is then 104.4 in. 
6. The thickness of the pole tips or rather the distance of 24 in. between 
pole faces was chosen to insure that the 22 in. wide dee stem housing could enter 
between the coils. 
7. The ratio of 1.6 to 1 for the rectangular cross section c,f the coils was 
assumed upon the suggestion of the ORNL group that this would be a near optimum 
value. 
8. The required flux density was taken as 16,000 gauss to simulate the 
present operating field. 
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Constants  
The following constants used in the analysis are listed below for reference. 
The cost parameters listed were obtained from OREL cyclotron group as of Febru-
ary 1957 and are expected to rise at least 5 percent per year. 
1.6x2 (in) 2 = cross sectional area of coil 
A . pole base area (Sid report) 3.76 x 103 in2 
 Si density of iron 	 .284 lb/in3 
, $0.25/lb 
• .0975 lbs/in3 
k. = cost of fabricated iron 
Sal 
density of aluminum 
kal cost of aluminum (wound into coils) 
p
al 
= resistivity of al 
$2.50/lb 
• 1.22 x 10 -6 ohm in 
kg = cost of motor generator installed plus base 
$200.00/kilowatt (based on 400 kw, G.E. set) 
F = coil form factor . ratio of conductor area in coil to total 
coil area. The latter considers water cooling pipes, insu-
lation, etc. 
1/2 from ORNL 48-inch cyclotron 
Tl = magnet efficiency . 2.02 B c)/N1 
= .6 from ORNL 48-inch calculations. 
where 
Bc . flux density at the center in gauss 
. gap width in inches 
-30- 
Report No. 1 Project No. E-108-4 
NI = ampere turns 
n would be unity if the magnet had no fringing field and if 
the reluctance of the flux return path were small compared 
with the gap reluctance. 
Cost Analysis of Magnet C  
Using the symbols and constants given above and the fixed dimensions given 
in Figure I, the cost of each component may be computed. 
Volume of poles 
Cost of poles 
Volume of vertical yokes 
Cost of vertical yokes 
= 2A (X + 11.5 in.) 
= 2A k.S. (X + 11.5 in.) 
. 2A (1.6x 	6o.6 in.) 
2Ak.S. (1.6 X + 60.6 in.) 1 1 
Volume of horizontal yokes = 2A (X + 16 in.) 
Cost of horizontal yokes 	= 2A k.S. (X + 16 in.) 
Total cost of iron 	 = A k.S. (7.2 X + 176.2 in.) 
Volume of (1) coil 	 = X7r (2.56 x2 117.1 in. X) 
Cost of coils 	 . 2F kalSal 
(volume of one coil) 






7r(2.5o X3  + 117.1 in. X2 ) 
_ Power dissipated in 2 coils = p 2  10 -3  (117.1 in. X2 + 2.56 X3 ) kilowatts 
i 	 /: Cost of motor generator set = k p J271- 10 - '3  (117.1. n. X
2 
 + 2.50 X3 ) 
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Material cost of Magnet, coil, and M.G. set 
k
i 





Ti (117.1 in. X2 + 2.50X ) 
+ keLT2Tr 10
-3 
(117.1 in. 	f 2.56 X3 ) 	[1] 
For a parallel flux magnetic circuit we can write 
NZ = amp. turns 	--11jAV4 0 = 2.02 IV 
where B
c 
is in gauss, ). in inches, and Ni in ampere turns. 
2.02 B c  NI required = 	_ 	 - 4.85 X 105 amp. turns 
n = efficiency = .6 
Now considering the current through the cross sectional area of two coils, we 
have 
NI = IT = (2F 1.6 x
2 	
. 4.85 x 105 amp 
l0 amp 5 	 2/amp 000 X2 . 3.03 x 	; X . 5.5 x 10 
Now substituting these values of X in equation [1], evaluating the constants, 






+ 3.35 	2.72 ,
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J (AMPERES/IN 2 ) 
Figure III. Cost of Components of Magnet System C Versus Current 
Density in Coils. 
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